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Conclusions 

ÅMetallic Zn is inexpensive, non-toxic, and compatible with aqueous electrolyte 

ÅGravimetric discharge capacity of 820 mAh/g and volumetric discharge capacity of 5850 mAh/mL 
 

Zn + 4OH-   Zn(OH)4
2- + 2e- 

 

Å Can be paired with inexpensive and non-toxic MnO2 cathode 
 

MnO2 + H+ + e-  MnOOH 

 

Å Aqueous-based chemistry has  virtually zero fire hazard 
 

Å Zn-MnO2 alkaline batteries that implement shallow 

      cycled anode and cathode materials achieve energy 

      density of 50-100 Wh/L 
 

Å Utilizing the full 2 e- capacity of MnO2 along with 

      25% Zn depth-of-discharge (DOD)  could yield 

      batteries with an energy density greater than 200 Wh/L 

Zinc Electrode Cycle Life Study in Zn-MnO2 Alkaline Batteries 

Zinc Mesh Discharge in Various Battery Configurations 
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ÅZn particle electrodes can be cycled thousands of times at extremely shallow utilization 

 

 

 

 

 

 

 

 

Å Increased Zn utilization leads to a decrease in cycle life 

 

 

 

 

 

 

 

 

 

 

 

 

 

Å Irreversible ZnO formation plagues the system 

                Zn(OH)4
2-           ZnO + 2OH- + H2O

 

 

 

 

 

 

 

ÅFailure due to Zn electrodes shows a characteristic second plateau on discharge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Open set-up Confined set-up 

XRD before and after cycling 

SEM image 
of ZnO 
nanorods 

Multiple Discharge Potentials  

ZnO blocking layer 

Å Zn anodes fail due to loss of active material 

Å Conversion of Zn to irreversible ZnO and migration of Zn species reduce cycle life 

Å  A characteristic second discharge plateau is observed to develop upon cycling 

ÅMass transfer limitations of hydroxide ion and zincate ion inhibit discharge  

ÅMultiple discharge potentials may be due to another electrochemical reaction 

Å An average plating efficiency of 92.4% was calculated based on a Zn material balance 

Å Electrode lifetime is 5-20 Ah/g Zn regardless of the amount of Zn utilized for cycling  
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Zinc Electrode Failure 

Zn Mass Balance  
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Å Efficiency at failure can be expressed as  

where ‚  is due to the hydrogen evolution reaction (HER), ‚  

is due to short circuits, ὓ  is the mass of Zn at failure, ὓ  

is the initial mass of Zn, ὓ
ȟ

 is the mass of Zn that moves 

out of the anode, ή  is the specific capacity of Zn, ὗ  

is the cumulative discharge capacity, and ὗ  is the 

cumulative charge capacity 

Å Low Zn mass retention after cycling 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ÅCumulative lifetime discharge capacity is not strongly dependent on Zn utilization 
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